Feed intake, milk production, and milk fatty acid profiles of dairy cows fed corn silage-based diets with different protein and starch concentrations were measured in a 3-period experiment in a changeover design using 12 Holstein cows. Each experimental period lasted for 3 wk. The diet fed as a total mixed ration consisted of 45% corn silage, 5% coarsely chopped wheat straw, and 50% concentrate, on a dry matter (DM) basis. The 4 treatments, formulated to be isoenergetic and to differ in concentrations of dietary crude protein (CP) and starch (DM basis), were as follows: low CP and low starch (LPLS; 14% CP and 15% starch), low CP and high starch (LPHS; 14% CP and 25% starch), high CP and low starch (HPLS; 16% CP and 15% starch), and high CP and high starch (HPHS; 16% CP and 25% starch). The LPLS treatment led to lower DM intake, milk yield, milk protein concentration, and milk lactose yield, probably due to a shortage of both rumen-degradable protein supply to rumen microbes and glucogenic nutrients to the animal. There were no differences between protein-rich diets and LPHS, suggesting that this diet satisfied the rumen-degradable protein requirements of rumen microbes and did not limit feed intake, and the increased supply of glucogenic nutrients spared AA so that the nutrient requirements of mid lactation dairy cows were met. Further increases in CP concentration increased plasma urea concentration and resulted in decreased efficiency of conversion of dietary N into milk N. Milk fatty acid profiles were affected by starch and protein supply, with starch having the largest effect. Additionally, increasing dietary starch concentration decreased the apparent transfer of dietary polyunsaturated fatty acids to milk, suggesting 
INTRODUCTION
Current feeding standards for dairy cows focus on protein as a nutrient for both rumen microbes and the animal (NRC, 2001) . However, some studies report high DMI and milk production from cows fed diets with protein concentrations that exceed theoretical requirements (Cunningham et al., 1996) . Nevertheless, feeding dairy cows excess protein contributes to environmental N pollution (Kebreab et al., 2002 ) and can result in unnecessary feeding expenses due to the high costs of protein sources.
The continued response of dairy cows to relatively high protein diets could be mediated by glucogenic precursor supply, among other things. Increasing amounts of either postruminal glucose or ruminal propionic acid is recognized as a method to improve milk and protein yield by reducing the use of some AA for gluconeogenesis-the spared AA being available to the mammary gland for the synthesis of milk protein.
Although postruminal glucose (Hurtaud et al., 2000) and ruminal propionic acid (Huhtanen et al., 1998) have similar general effects on milk composition (increased milk protein yield and decreased milk fat concentration and yield), they have different effects on milk fatty acid composition. Increased propionic acid is associated with similar decreases across all even-chain fatty acids. However, increased glucose supply is associated with a linear decrease in the production of even short-and long-chain fatty acids and an increase in the production of medium-chain fatty acids (Rigout et al., 2003) . A concomitant increase of plasma insulin has been impli-cated (glucogenic-insulin theory) in the preferential channeling of nutrients to adipose tissue, resulting in a shortage of nutrients at the mammary gland and, thus, milk fat depression (Brockman and Laarveld, 1986) . Several studies (McGuire et al., 1995; Griinari et al., 1997) with the hyperinsulinemic-euglycemic clamp technique observed no effect on milk fat yield despite large changes in insulin concentrations. However, the inconsistent results on the role of insulin in milk fat depression led Griinari et al. (1997) to suggest that the decrease in milk fat synthesis and the higher net energy intake typically associated with diets that depress milk fat would put the cow in a more positive energy balance.
The objective of this experiment was to evaluate the effects of dietary protein and starch on intake and milk production of dairy cows fed corn silage-based diets. Results could contribute to the development of feeding strategies that decrease the potential environmental pollution of dairy farms and increase the utilization of cereal grains. Additionally, dietary effects on milk fatty acid profiles were investigated to investigate mechanisms of milk fat depression.
MATERIALS AND METHODS
The feeding trial was conducted at the Dairy Unit of the Direcçã o Regional de Agricultura do Entre-Douro e Minho (DRAEDM) of the Ministry of Agriculture (Paços de Ferreira, Portugal) from October to December 2004.
Design, Diets, and Management
Twelve multiparous [parity number 3.3 (SD =1.2)] Holstein cows averaging 631 kg of BW (SD = 59.8), 77 DIM (SD = 15.6), and 39 kg of milk/d (SD = 5.3) were used. Cows were grouped according to milk production, parity, and DIM and randomly assigned to dietary treatment sequences in an incomplete changeover design (three 4 × 4 Latin squares with the last period omitted). Each experimental period lasted for 3 wk. Animals were housed and individually fed in a tie-stall barn and had continuous access to water. Diets contained (DM basis) 45% corn silage, 5% coarsely chopped wheat straw, and 50% concentrate. The whole-crop corn silage was prepared during early September 2004, harvested with a precision-chop harvester with a roller mill (Claas 690 SL model, Claas Ltd., Harsewinkel, Germany) at a theoretical chop length of 5.0 mm, and ensiled in a bunker silo without the use of a silage additive. The silo was open after 6 wk. The 4 treatments, formulated to be isoenergetic and to differ in concentrations of dietary CP (14 and 16%; DM basis) and starch (15 and 25%; DM basis), were 14% CP and 15% starch (low protein, low starch; LPLS), 14% CP and 25% starch (low protein, high starch; LPHS), 16% CP and 15% starch (high protein, low starch; HPLS), and 16% CP and 25% starch (high protein, high starch; HPHS). The different dietary protein and starch concentrations were achieved mainly by increasing soybean meal in the high-protein diets and by substituting corn grain for citrus pulp in the high-starch diets (Table  1) . To be isoenergetic, the low-starch diets had a higher inclusion of hydrogenated fat. The concentrate mixtures were prepared in a single batch by a compound feed manufacturer (Cevargado, Alimentos Compostos, LDA, Arcos, Portugal). The raw materials were ground in a hammer mill with a 3.0-mm screen and steampelleted (4.5 mm diameter).
Diets were fed as a TMR for ad libitum intake, with fresh feed offered twice a day (0800 and 1630 h). The troughs were cleaned out each morning and orts collected and weighed throughout the experiment. Samples of corn silage, wheat straw, concentrates, and orts were sampled 3 times/wk and, after oven DM determination, were composited by week. Feed offered was adjusted each week to produce weighbacks of about 10% of amounts fed. Cows were milked twice daily at 0730 and 1700 h.
Milk production was measured throughout the experimental period. Milk was sampled at both milkings on 2 consecutive days during the last week of each experimental period, and proportional composites were analyzed for fat, protein, and lactose (AOAC, 1990; Milkoscan 133, Foss Electric, Hillerød, Denmark) . Milk fat was isolated from individual milk samples, collected on the last day of milk sampling, by centrifugation for 15 min at 822 × g, and then was immediately stored at −15°C until fatty acid analysis. Blood samples were collected into heparinized tubes from the jugular vein of each cow at 3 h after the morning feeding on the same day as milk fatty acid sampling. Samples were immediately centrifuged at 822 × g for 10 min and the plasma stored at −15°C before analysis for glucose, urea, total proteins, and insulin. Cows were weighed at the same time of the day on the final day of each period. Maximum and minimum daily barn temperatures were recorded throughout the experiment.
Chemical Analysis
Samples of corn silage, wheat straw, concentrates, and orts sampled during the last week of each experimental period were submitted for chemical analysis. The pH of corn silage was determined in fresh samples with a pH electrode (No. 209811250, Ingold, MettlerToledo International Inc., Columbus, OH). Ground samples (1 mm) were analyzed for ash (AOAC; 1990, method 942.05) and Kjeldahl N (AOAC, 1990; method 954.01). Crude protein was calculated as Kjeldahl N × 6.25. Neutral detergent fiber, ADF, and acid detergent lignin (ADL) were determined by the detergent procedures of Van Soest et al. (1991) and Robertson and Van Soest (1981) , with α-amylase being added, except for wheat straw, during NDF extraction; sodium sulfite was not added. Neutral detergent fiber was expressed without residual ash. For concentrate mixtures, NDF, ADF, and ADL were determined sequentially. Total sugars were determined by an official Portuguese standard method (Norma Portuguesa-1785 Portuguesa- , 1986 ) based on the Luff-Schoorl methodology (Acker, 1967) , after extracting sugars with an ethanol solution. Phosphorus and Ca were determined respectively by gravimetric and volumetric procedures described by official Portuguese standard methods (Norma Portuguesa-873, 1997; Norma Portuguesa-1786 . Starch was analyzed on finely ground samples (0.5-mm screen) using the method described by Salomonsson et al. (1984) .
Fatty acid methyl esters of feed lipids were prepared by a one-step extraction transesterification procedure using toluene, according to Sukhija and Palmquist (1988) . The internal standard was heptadecanoic acid. For milk fatty acids analysis, 200 mg of milk fat layer were weighed into culture tubes, and milk lipids were extracted according to the procedure of Folch et al. (1957) , using a dichloromethane and methanol (2:1) solution instead of the chloroform and methanol (2:1) solution (Carlson, 1985) . Solvents were then evaporated under nitrogen, and fatty acid methyl esters were prepared by base-catalyzed transesterification with sodium methoxide (Christie, 2004) . Fatty acid methyl esters were analyzed using an HP6890 gas chromatograph (Agilent Technologies Inc., Palo Alto, CA) equipped with a flame-ionization detector and a fusedsilica capillary column (CP-Sil 88, 100 m × 0.25 mm × 0.20 m, Chrompack CP 7489, Varian Inc., Walnut Creek, CA). The carrier gas was helium and the split ratio was 1:50. The injector temperature was 250°C, and detector temperature was 280°C. The initial oven temperature of 100°C was held for 15 min then increased at 10°C/min to 150°C, held for 5 min, then increased at 1°C/min to 158°C and held for 30 min, and then increased at 1°C/min to 200°C and held for 40 min. Nonadecanoic acid methyl ester was used as internal standard and peak identification was based on cochromatography with known standards of fatty acid methyl esters (Sigma, St. Louis, MO) and, when no commercial standards were available, by using published chromatograms obtained with similar analytic conditions (CruzHernandez et al., 2004; Alves et al., 2006) . Jugular plasma was analyzed for glucose, urea, and total proteins (automated chemistry analyzer AUG40, Olympus, Melville, NY) by, respectively, enzymatic (glucose-oxidase and urease) and colorimetric (biuret) methods described by Bauer (1982) . Plasma insulin was determined by chemiluminescent immunoassay (Immulite 1000, DPC, Los Angeles, CA).
Statistical Analysis
Data from the last week of each experimental period were analyzed as replicated incomplete 4 × 4 Latin squares using the MIXED procedure of SAS (SAS Institute, Inc., Cary, NC). The model included the fixed effects of square, period, dietary CP, and starch concentrations, and the interaction dietary CP × dietary starch concentrations, the random effect of cow within square, and the random residual error.
Fatty acid profiles of milk samples were analyzed by repeated measures with the MIXED procedure (SAS Institute, Inc.) with milking time as the repeated measurement. The first-order autoregressive covariance structure was used according to finite sample corrected Akaike's information criterion and Schwarz's Bayesian information criterion (Wang and Goonewardene, 2004) . The model included the fixed effects square, period, dietary CP, and starch concentrations, the interaction dietary CP × dietary starch concentrations and milking time, and the random effect of cow within square and the random residual error. Mean milk fatty acid profiles, calculated per cow and dietary treatment, were further subjected to principal component factor analysis using the FACTOR procedure of SAS (SAS Institute, Inc.).
RESULTS AND DISCUSSION
Mean maximum and minimum daily barn temperatures were, respectively, 12.9°C (SD = 2.97) and 4.7°C (SD = 2.64).
The chemical and fatty acid compositions of the individual ingredients and dietary treatments are given in Table 2 . The corn silage contained 46.4% NDF (DM basis) and 29.1% starch (DM basis). The chemical composition of concentrate mixtures agreed closely with the ingredient composition. The formulation objectives were not achieved totally, with the dietary CP concentrations being slightly lower than the target 14 and 16% (DM basis), and the dietary starch concentrations slightly higher than 15% and lower than 25% (DM ba- sis). Fatty acid composition of diets reflected both the inclusion of hydrogenated fat and corn grain, respectively, in the low-and high-starch concentrate mixtures.
Feed Intake, Milk Production, and Milk Composition
Effects on feed intake, milk production, and milk composition are presented in Table 3 . There were reductions in feed intake, milk production, and milk protein concentration with the LPLS diet. The reduced intake may have resulted from the highly rumen-fermentable carbohydrate of citrus pulp leading to a shortage of RDP (Rodriguez et al., 1997; Cabrita et al., 2003b) . This suggestion is supported by the lower plasma urea concentration for this diet (Table 4) . Increasing the CP concentration of the low starch (high citrus pulp) diet (HPLS) avoided the reductions in feed intake and milk production, probably by satisfying the microbial requirement for RDP. The suggestion that citrus pulp exacerbated the effect of low dietary protein is supported by the dietary CP × starch interaction for DMI (P = 0.067), milk yield, milk protein, and lactose (P = 0.058) concentrations, and milk protein (P = 0.084) and lactose yields (Table 3) .
Plasma concentrations of glucose and insulin were lower for the low-starch diets (Table 4) , reflecting the low supply of glucogenic nutrients. This is particularly important for ruminants that rely heavily on liver synthesis of glucose to meet their metabolic requirements. The principal substrates or carbon sources for glucose synthesis are organic acids from fermentation (mainly propionate and lactate), the carbon skeletons of deaminated AA, and glycerol from the breakdown of triglycerides. When dietary supply of starch is low, the utilization of some AA for gluconeogenesis increases . Conversely, the increase in glucogenic materials as ruminal propionic acid or postruminal glucose may reduce the utilization of some AA for gluconeogenesis and increase the supply and uptake of gluco- genic AA to the mammary gland, thus increasing milk protein yield . Besides the sparing effect of glucose on glucogenic AA, Rulquin et al. (2004) demonstrated that the increase of mammary protein synthesis obtained by infusing glucose into the duodenum also could be explained by an increase of mammary arterial blood flow; high AA supply and high glucose entry rate were necessary conditions to direct AA stored in labile protein reserves toward the mammary gland. In the present experiment, there were no differences in productive responses between proteinrich diets and LPHS. This suggests that along with satisfying the RDP requirements of rumen microbes, the sparing effect of AA from the higher supply of glucogenic nutrients allowed this low-protein diet to meet the nutrient requirements of mid lactation dairy cows. Increasing the CP concentration increased plasma urea concentration (Table 4 ) and tended to decrease the efficiency of conversion of dietary N into milk N (Table 3) .
Milk fat concentration and yield were not affected despite the effect of dietary starch concentration on plasma concentrations of glucose and insulin. However, the milk fat to DMI ratio was lower for high-starch diets. Because the diets used in this experiment were isoenergetic, the results suggest that high-starch diets favor adipose tissue synthesis. This is in agreement with the glucogenic-insulin theory, which proposes that increased insulin release preferentially channels nutrients to adipose tissue (Brockman and Laarveld, 1986) .
Milk Fatty Acids
The dietary effects on milk fatty acid profiles are given in Table 5 . Dietary CP concentration decreased C 16:0 and increased iso C 16:0 , C 18:1 trans-11, C 18:2 n-6, C 18:3 n-3, conjugated linoleic acid (CLA) cis-9, trans-11, and C 22:0 . Dietary starch concentration had the greatest effect on milk fatty acid profiles. Increasing dietary starch concentration increased C 10:0 , C 11:0 , C 12:0 , C 13:0 , C 14:0 , C15 :0 , C 16:1 trans-9, C 17:0 , C 18:1 trans-11, C 18:1 trans-16, C 18:1 cis-15, C 18:2 n-6, and CLA cis-9, trans-11 and decreased anteiso C 15:0 , C 15:1 , C 16:0 , C 16:1 cis-9, anteiso C 17:0 , C 17:1 cis-8, C 18:1 cis-13, and C 18:3 n-3. The dietary CP × starch interaction was significant for C 10:0 , C 12:0 , anteiso C 17:0 , C 17:1 cis-8, C 18:1 trans-9, and C 18:1 trans-16.
Principal component factor analysis produces linear combinations of a set of variables that maximize the variation contained within them, displaying most of the original variability in a smaller number of dimensions (factors), and it is often used to reduce the dimensionality of data profiles containing intercorrelated variables. The results of principal component factor analysis on the selected milk fatty acids are presented in Table 6 , including factor pattern after varimax rotation (matrix of standardized regression coefficients for each of the original variables on the rotated factors), communalities, and the variance explained by factors retained by the mineigen criterion. In this case, the technique condensed the information within the original variables into 5 factors (independent linear functions of the original variables) that explained 80.4% of total variation. The meanings of the rotated factors are inferred from the variables significantly loaded on their factors. Factor loadings represent the correlation or linear association between a variable and the latent factor. In general, the larger the absolute size of the factor loading for a variable, the more important the variable is in interpreting the factor. Factor I was associated with fatty acids derived from the activity of ⌬ 9 -desaturase (C 14:1 cis-9, C 16:1 cis-9, and C 17:1 cis-9) in opposition to C 18:0 . Factor II associated C 14:0 with C 18:1 trans-11, C 18:2 n-6, and CLA cis-9, trans-11 in opposition to C 16:0 and anteiso C 15:0 . Factor III associated C 17:0 with C 15:0 in opposition to anteiso C 17:0 and C 18:3 n-3. Factor IV associated iso C 17:0 with C 18:1 trans-10, and to a lesser extent with anteiso C 17:0 . Factor V was strongly linked to variation in C 18:1 cis-9.
Even-Chain Fatty Acids. The medium-chain fatty acids increased with the increase in dietary starch concentration. However, diets differed not only in level and type of rumen fermentable energy, but also in the level of inclusion of hydrogenated fat. These 2 factors must be taken into account when interpreting these data. The replacement of citrus pulp by corn grain would have promoted differences in rumen fermentation and in duodenal glucose supply, making it difficult to distinguish the effects of VFA or glucose supply on milk fatty acid profiles. A lower inhibition of acetyl-CoA carboxylase (Palmquist et al., 1993) and an increased supply of NADPH (Hurtaud et al., 1998) with an increase in glucose supply can contribute to increased de novo synthesis of medium-chain fatty acids with high-starch diets. Additionally, it is well known that dietary longchain fatty acids depress de novo synthesis of fatty acids in the mammary gland (Palmquist and Jenkins, 1980) . Milk C 16:0 concentration was higher with the lowstarch diets, reflecting the higher inclusion of hydrogenated fat in these diets. The higher concentrations of C 18:2 n-6 in high-starch diets reflects the high concentration of this fatty acid in corn. The effects on C 18 fatty acids suggest that dietary protein and starch concentrations affected rumen biohydrogenation of polyunsaturated fatty acids. Milk C 18:1 trans-10 concentration has been implicated in milk fat depression (Bradford and Allen, 2004) . Interestingly, milk C 18:1 trans-10 concentration for all diets was lower than observed in earlier studies with diets based on corn silage (described by Carvalho et al., 2006) High-starch diets increased the intake of C 18:1 cis-9 and C 18:2 n-6, and high-protein diets increased the intake of C 18:2 n-6 and C 18:3 n-3 (Table 7) . Because the level of polyunsaturated fatty acid ingestion is a major factor affecting the pattern of ruminal biohydrogenation of C 18 unsaturated fatty acids (Bessa et al., 2000) , the effects of concentrations of dietary protein and starch on the pattern of biohydrogenation intermediates are confounded by differences in C 18 unsaturated fatty acids intake. Indeed, the concentration of rumenic Diets are named according to the level [low (L) or high (H)] of dietary CP (P) and starch (S) concentrations (% DM), respectively: LPLS =14% CP and 15% starch; LPHS = 14% CP and 25% starch; HPLS = 16% CP and 15% starch; HPHS = 16% CP and 25% starch. acid (CLA cis-9, trans-11) and its precursor (C 18:1 trans-11) in milk fat increased with both dietary protein and starch concentrations. Results from principal component factor analysis (Table 6 ) also add support to these confounding effects. The lack of association of C 18:1 cis-9 (with high load in factor V) with the other fatty acids originating from ⌬ 9 -desaturase activity (C 14:1 cis-9, C 16:1 cis-9, C 17:1 cis-9; factor I) suggests that intake of cis-9 had an important effect on its secretion in milk. Additionally, factor II associated CLA cis-9, trans-11 with its precursor and also with C 18:2 n-6 in opposition to C 16:0 , reflecting the high concentration of polyunsaturated fatty acids in high-starch diets as well as the inclusion of hydrogenated fat in low-starch diets.
The apparent transfer of dietary C 18:2 n-6 and C 18:3 n-3 into milk is presented in Table 7 . The range of values observed is similar to that reported by others (Lourenço et al., 2005; Shingfield et al., 2005) . Dietary starch decreased the apparent transfer of dietary C 18:2 n-6, C 18:3 n-3 (P = 0.09), and total C 18 fatty acids into milk. The decrease of apparent transfer of both C 18:2 n-6 and C 18:3 n-3 contradicts several reports relating Figure 1 . Relationship between milk fat yield per DMI and apparent transfer of ingested C 18:2 n-6 (᭺), C 18:3 n-3 (•), and total C 18 fatty acids (✱) into milk. C 18:2 n-6: Y = −2.4 ± 1.32 + 0.22 ± 0.025X, r 2 = 0.69, RSD = 1.68, P < 0.0001; C 18:3 n-3: Y = −1.7 ± 1.06 + 0.27 ± 0.020X, r 2 = 0.84, RSD = 1.35, P < 0.0001; total C 18 fatty acids: Y = −16.9 ± 6.06 + 1.96 ± 0.115X, r 2 = 0.89, RSD = 7.72, P < 0.0001.
increased dietary starch with inhibition of rumen lipolysis and biohydrogenation of C 18 unsaturated fatty acids (Doreau and Ferlay, 1994) . However, diet effects on biohydrogenation and duodenal flow of C 18 unsaturated fatty acids are controversial. Data reviewed by Chilliard et al. (2000) show a great variation in the transfer efficiency into milk of linoleic acid (10 to 90%) or linolenic acid (35 to 70%) infused into the duodenum. The negative effect of high-concentrate diets on rumen biohydrogenation of unsaturated fatty acids in some studies has been related to a reduction in rumen pH (Kucuk et al., 2001) or to dietary starch concentration (Loor et al., 2004) , although these effects have not been consistent. The simultaneous decrease in apparent transfer of total dietary C 18 fatty acids suggest that factors other than biohydrogenation might be involved in affecting the transfer of dietary C 18:2 and C 18:3 into milk. In Figure titioning between the mammary gland and nonmammary tissues; Figure 1 and Table 7 show that an increase in dietary starch channels fatty acids to adipose tissue, reducing the apparent transfer of dietary polyunsaturated fatty acids to milk. This, along with the observed effects of dietary starch on plasma insulin, agrees with the glucogenic-insulin theory, because this theory proposes that milk fat depression is caused by increased concentrations of circulating insulin stimulated by a high supply of propionate and glucose (Brockman and Laarveld, 1986) . Because of the preferential effects of insulin in stimulating the use of acetate and preformed fatty acids by adipose tissue, the mammary gland has a shortage of these milk fat precursors.
Odd-Chain Fatty Acids. Recently, some studies have related the presence of odd-and branched-chain fatty acids in milk (major components of the fatty acids of rumen microorganisms; O'Kelly and Spiers, 1991) with differences in feeding strategies (Cabrita et al., 2003a) . Linear odd-chain fatty acids (C 15:0 and C 17:0 ) accounted for the majority of milk odd-and branchedchain fatty acids, followed by anteiso fatty acids. The high proportion of C 15:0 in the total odd-and branchedchain fatty acids in this study is consistent with observations with pure rumen bacteria (Minato et al., 1988) .
Dietary starch concentration increased C 15:0 and C 17:0 and decreased anteiso C 15:0 , C 15:1 , anteiso C 17:0 , and C 17:1 cis-8. Dewhurst et al. (accepted) found yields of C 15:0 and C 17:0 in milk that exceeded duodenal flows, suggesting that these fatty acids can be synthesized de novo. Also, comparisons of the ratios of C 15:0 to anteiso C 15:0 fatty acids in jugular plasma and milk fat in the study of Loor et al. (2005) suggested a relative increase of C 15:0 in milk, but not of C 17:0 . Earlier studies have shown that the linear odd-chain fatty acids (C 15:0 and C 17:0 ) can be synthesized de novo from propionate (Scaife et al., 1978; Massart-Leën et al., 1983) , with the evidence being stronger for C 15:0 than C 17:0 (Rigout et al., 2003) , suggesting a limited ability to elongate C 15:0 to C 17:0 . Furthermore, C 17:0 appears to be desaturated to C 17:1 cis-9 by ⌬ 9 -desaturase (Fievez et al., 2003) . The increase in milk C 15:0 and C 17:0 occurred despite the general effect of starch in decreasing the extent of transfer of fatty acids from diet to milk. This suggests a real increase in levels of this fatty acid between the diet and milk. This effect could reflect both an increase in starchfermenting bacteria that contain relatively high concentrations of C 15:0 and C 17:0 (Minato et al., 1988 ) and a higher supply of propionate as a precursor for C 15:0 and C 17:0 . Indeed, principal component factor analysis associated C 15:0 and C 17:0 in factor III in opposition to anteiso C 17:0 and C 18:3 n-3, the other odd-chain fatty acids having high loads in other factors. This suggestion could limit the value of these fatty acids as markers of rumen microbial population, as previously suggested (Cabrita et al., 2003a) . The strong association of C 17:1 cis-9 with C 14:1 cis-9 and C 16:1 cis-9 in factor I supports the synthesis of this fatty acid by ⌬ 9 -desaturase in the mammary gland.
The observed increase in odd branched-chain fatty acids with low-starch diets suggests greater rumen fermentation with these diets, as mentioned above. Additionally, the high concentrations of anteiso C 15:0 observed with citrus pulp diets agrees with the high concentrations of this fatty acid in fibrolytic bacteria (Minato et al., 1988) , and it is consistent with the results from Cabrita et al. (2003a) , who found a positive correlation between dietary sugar concentration and anteiso C 15:0 . Its association in factor II with C 16:0 (related to the inclusion of hydrogenated fat in low-starch diets) in opposition to C 18:2 n-6, C 18:1 trans-11, and CLA cis-9, trans-11 (related to high dietary starch concentration) also shows a diet effect on this fatty acid. Wongtangtintharn et al. (2004) suggested that branched-chain fatty acids lower fatty acid synthesis in breast cancer cells. In the present study, the proportions of the de novo synthesized fatty acids were affected in the opposite direction to branched-chain fatty acids, but similarly to linear odd-chain fatty acids. This gives an indication that the linear odd-chain fatty acids in milk have a dual origin and would be consistent with a direct inhibitory effect of these fatty acids on fatty acid synthesis in the mammary gland.
CONCLUSIONS
This study shows that to reduce the protein concentration of diets for mid lactation dairy cows, the requirements of rumen microbes for RDP and of the cow for glucogenic nutrients must be satisfied, respectively, to not limit feed intake and to direct AA use toward milk protein synthesis. Milk fatty acid profiles were affected by starch (corn) and protein supply, with starch having the most important effect. Additionally, increasing dietary starch concentration decreased the apparent transfer of dietary polyunsaturated fatty acids to milk, suggesting an increased channeling of fatty acids to adipose tissue. The results further suggest that C 15:0 and C 17:0 are synthesized de novo in the animal tissues, because these fatty acids were increased by dietary starch concentration despite its general effect of reducing the transfer of C 18 fatty acids from the diet to milk. 
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